ABSTRACT. The present study was designed to reveal whether astrocytic activation following axotomy causes a numerical increase of nuclear bodies (NBs) in chicken astrocytes. Astrocytes in the spinal cord were activated by a unilateral spinal nerve transection. The frequency of NBs was calculated at the lateral motor columns of the normal group and at the ipsi-and contralateral sides of operated group. In the growing chickens, NBs of each astrocyte were a few and decreased steadily in number with age. In the operated chickens, the frequency of NBs elevated temporarily both in the ipsi-and contralateral sides, and reached its maximum value by 30 post-operative days. The frequency of NBs increased more prominently in the operated side than in the unoperated side. Thus, the present study provides the first evidence for a significant increase in the number of NBs in the hyperactive astrocytes caused by axotomy. -KEY WORDS: hyperactivation, quantitative study, ultrastructure.
segment were cut out and then postfixed in 1% osmium tetroxide. Thin sections were contrasted using uranyl acetate and lead citrate. The observation of NB profiles was performed on the lateral motor columns of the ipsi-and contralateral sides in the operated group and normal group. The number and size of NBs were counted at the ultrathin sections of 300 astrocytic nuclei in each lateral motor column of 2 or 3 chickens per time stage. The total number of NBs observed was 639. Statistical evaluation of the data was assessed with single regression analysis in the normal group and with multiple regression analysis in the operated group.
Morphological changes after axotomy agreed basically with our previous study [20] . Briefly, the axotomized motoneurons showed severe structural changes including the irregular contours of the soma and nucleus, an accumulation of glycogen granules in the cytoplasm, a detachment of synaptic terminals from the soma. These changes were faint by 3 pod, conspicuous at 10 pod, and disappeared by 60 pod. The processes of astrocytes hypertrophied by 10 pod and transformed into lamellar stacks to cover the motoneuronal soma by 60 pod. NBs observed in normal and experimental chickens were similar in appearance, spherical, and composed of a filamentous capsule and a clear core containing no special substance such as granules (Fig. 1) . Only one NB out of 639 was elliptical. NBs measured 190-420 nm in diameter and 290 nm in mean diameter. The capsules were about 60-120 nm in thickness and 80 nm in mean thickness. NBs were located within the interchromatin areas with no preferential localization in relation to the nuclear membrane or nucleolus. In the normal chickens, the frequency of NBs declined steadily with age ( Fig. 2) . In the operated chickens, the frequency of NBs showed a transitory increase reaching maximum at 30 pod. The frequency of NBs changed more prominently in the operated side than in the unoperated side (Fig. 3) . NBs occurred usually singly but sometimes in 2, rarely 3 or 4 per nuclear profile.
Nuclear bodies (NBs) are nuclear organelles that have been analyzed mainly through their ultrastructures. NBs are classified into two subsets, simple and complex, based on their morphological features [1] . It has been shown that NBs tend to increase in number and morphological complexity in normal cells and to be more frequent in certain pathological cells under hyperactive conditions [3] . Recently, it has been elucidated that NBs contain several proteins such as the promyelocytic leukemia(PML) protein [4, 16, 21] . It has been proposed that PML protein may be implicated in cell growth control and in the inflammatory processes [16] . While NBs are present as a normal organelle in almost all cell types, there are only a few papers dealing with NBs in neurons and glial cells [5, 11, 14, 19] .
The present study was therefore undertaken to examine the frequency of nuclear profiles containing NB profiles of astrocytes in the chicken spinal cord following a unilateral spinal nerve transection. The definition of "nuclear profile" and "NB profile" are according to Padykula et al. [13] . The percentage of nuclear profiles containing NB profiles of astrocytes is expressed as "frequency of NBs" in the following description.
Thirty-six White Leghorn chickens ranging in age from 50 to 110 days were used in this study. Before surgery or perfusion, chickens were anesthetized by intravenous administration of sodium pentobarbital(20 mg/kg). Following ligation of the blood vessels and peripheral nerves together, the left wing was amputated at the humeral articulation at 50 days of age. A total of 3 chickens from each survival period of 8 hr, 1, 3, 6, 10, 30, and 60 postoperative days (pod) were used. In addition, a total of 3 normal chickens from each of 50, 51, 60, 80, and 110 days of age, which corresponds to 0, 1, 10, 30 and 60 pod, respectively, were also used as control. Chickens were perfused by intracardiac administration of a 2% paraformaldehyde-2% glutaraldehyde mixture in phosphate buffer (0.1 M, pH 7.4). Following fixation small blocks from the lateral motor column in the 14th spinal cord
The normal chickens used in this study ranged from 50 to 110 days of age. The chicken spinal cord grows early after hatching. It seems that the chicken spinal cord used in this study ceases to grow rapidly at about 80 days old (our unpublished data). The higher frequency of NBs in the younger chickens might be caused by the hyperactivity of astrocytes induced by the growth of spinal cord. The frequency of NBs in pituicytes, which belongs to the astrocyte family, shows an age-dependent increase. An agerelated activation of pituicytes may be involved in a reactive cellular event induced by the degenerative changes in neurosecretory nerve endings, naturally occurring in older animals. Thus, it could be expected that the frequency of NBs in pituicytes would increase under hyperactive conditions [11] .
In the present study, motoneurons and astrocytes on the operated side showed the most prominent axon reactions at 10 pod. Previous studies have indicated that the astrocytic reaction to axotomy is observed by electron microscopy after several pod with the increase of glial filaments as the main indicator [6, 10, 18] . Furthermore, the reaction revealed by glial fibrillary acidic protein (GFAP) immunohistochemistry occurs within a few hours after cochlea removal [15] or within 2 pod after axotomy [8] . Synthesis of GFAP after axotomy reaches maximum by 3 pod and subsequently return to normal by 14 pod [17] . The proliferation of astrocytes occurrs during the 4 pod following neural trauma [18] . Thus, the activation of astrocytes following axotomy or other injury must be induced within several pod. However, the highest frequency of NBs was observed at 30 pod in the present study. For the frequency of NBs to reach a peak after a lapse of some time from the beginning of astrocytic activation, two conditions must be considered: NBs could be continuously formed in activated astrocytes; and NBs could persist within the nucleus at least for several days before being broken down. In the hyperestrogenized uterine epithelial cells, prolonged hyperestrogenism induces both a high frequency of NBs and a hyperactivity of the epithelial cells. However, temporary hyperestrogenization does not induce any changes in the frequency of NBs despite the temporary cellular activation [7, 12, 13] . The occurrence of NBs in plasma cells after injection of antigen shows a delay of about 2 days in parallel with the serum antibody level [9] . In the estrogen-stimulated liver cells, the estradiol receptors per nucleus increase rapidly as well as the frequency of NBs and then both decrease gradually. However, the frequency of NBs remains relatively higher than the density of estradiol receptors after 4 weeks [2] . These previous studies support the high frequency of NBs we observed after a lapse of some days from cellular hyperactivation.
